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(54) PARTIAL OXIDATION REFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a partial 
oxidation reformer capable of performing reforming 
reaction at a high temp. 

SOLUTION: The partial oxidation reformer is provided 
with a cylindrical vessel 51. a double tube 52 provided in 
the vessel and having an inner tube 52a and an outer 
tube 52b, which are arranged to have a space, air tubes 
53 running through the outer tube 52b from the outside 
surface of the vessel, extending to the space and 
provided by plural stages, and a header 54 provided to 
cove the air tubes 53 outside of the vessel and for 
distributing air to the air tubes 53. In such a case, the 
double tube 52 is constituted so that the upper end of 
the inner tube 52a extends to a lower position than the 
top part of the vessel and the lower end is connected to 
an outlet tube 57 for taking out a reformed gas in the 
bottom of the vessel, the upper end of the outer tube 
52b extends to the nearly same position as that of the 
inner tube 52a and the lower end is spread at the end 
and connected to the bottom of the center part of the vessel, a chamber 55 is constituted of 
the end spreading part 52c, the inner tube 52a and the lower part of the vessel, an inlet pipe 56 
for making a fuel gas to flowHn is connected to the chamber 55 and a partial oxidation catalyst 
59 is packed in the space and the chamber 55. 
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Publication No. 11-199201 

[Claims] and Paragraphs [0012] through [0015] 

[Claims] 

[Claim 1] A partial oxidation reformer, comprising: 
a cylindrical container; 

a double tube provided in the cylindrical container and including 
an inner pipe and an outer pipe which are arranged with a space interposed 
therebetween; 

a plurality of air pipes provided in a height direction and extending 
from an outer surface of the container into the space through the outer 
tube; and 

a header provided to cover the air tube at the outer surface of the 
container, for distributing air into the air tube, 

wherein, in the double tube, the upper edge of the inner tube 
extends to a position lower than the top of the container, the lower edge 
thereof is connected to an outlet pipe for extracting a reformed gas at the 
bottom of the container, and the upper edge of the outer pipe extends to 
approximately the position of the upper edge of the inner tube and the 
lower edge thereof is connected to the lower edge of a center part of the 
container so as to widen toward the end; and 

the widened part of the outer tube, the inner tube and the lower part 
of the container form a chamber; 

an inlet pipe into which a fuel gas is flown is connected to the 
chamber; and 

a partial oxidation catalyst is filled in the space and the chamber. 
[Claim 2] The reformer according to Claim 1 , wherein a heat insulator is 
provided between the space between the outer tube and the inside the 
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container and the air tubes are arranged to pass through the heat insulator. 
Paragraphs [0012]-[0015] 

[0012] Next, the operation of the device will be described. A fuel gas 
(CH4) and water vapor (H 2 0) are supplied from the inlet pipe 56 and move 
up in the partial oxidation catalyst 59 in the double tube 2. At the same 
time, air is supplied from the air supply tube 58 and is flown into the 
double tube 52 through each air tube. Oxygen 0 2 in the air, the fuel gas 
(CH4) and water vapor (H2O) cause a partial oxidation reaction shown by 
the following expression in the presence of the partial oxidation catalyst 
59. 

CH4+ l/20 2 + H 2 0 -> CO + 2H 2 + H 2 0 • • • (1) 
This partial oxidation reaction is an exothermic reaction, and the 
temperature of the gas rises as it moves up. The fuel gas (CH4) and water 
vapor (H 2 0) supplied from the inlet pipe 56 are usually heated to a 
temperature of approximately 500 °C by a fuel preheater, and the 
temperature of the fuel gas and water vapor rises as they move up in the 
double tube 52 while causing the partial oxidation reaction. The present 
embodiment of the present invention is configured so that the temperature 
of the gas at the top part of the double tube 52 is approximately 1000 °C. 
This temperature may be set according to the height or thickness of the 
double tube 52, the distribution of the air tube 53 in a height direction and 
so on. The partial oxidation is ensured by providing the air tubes 53 in a 
multistage pattern. Further, a high temperature part can be prevented 
from locally generating by providing the air tubes 53 in a multistage 
pattern. 

[0013] The thus generated reformed gas (CO + 2H 2 + H 2 0) is cooled 
down, while moving down in the inner tube 52a, by performing heat 
exchange between the generated reformed gas, and the fuel gas and water 
vapor which move up in the double tube 52, to a temperature which is 
appropriate for the anode, that is, a temperature of approximately 580 °C. 
[0014] Next, the system of the fuel cell according to the present 
embodiment will be described. Figure 3 is an entire schematic diagram 
of the fuel cell electric power generator. The fuel cell electric power 
generator includes a fuel preheater 36 for heating a fuel gas containing 
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steam, a partial oxidation reformer 38 for mixing the heated fuel gas and 
air, partial-oxidizing the thus obtained mixture to reform the mixture into 
an anode gas (reformed gas) containing carbon monoxide and hydrogen, 
and a fuel cell 20 for generating electric power, using the anode gas and a 
cathode gas containing an oxygen gas and a carbon dioxide gas. An 
anode exhaust gas discharged from the fuel cell 20 is supplied to a 
catalytic combustor 23 from an anode exhaust gas line 4 and the anode 
exhaust gas and part of the cathode exhaust gas containing oxygen are 
combusted using a combustion catalyst. The fuel preheater 36 heats 
town gas containing water vapor with a combustion exhaust gas from the 
catalytic combustor 23 and transfers the town gas to the partial oxidation 
reformer 38. Since the combustion exhaust gas for heating the fuel gas in 
the fuel preheater 36 contains a carbon dioxide gas, the carbon dioxide gas 
is supplied to the circulating line 3 through a carbon dioxide gas recycle 
line 7. In the circulating line 3, the carbon dioxide gas, oxygen supplied 
from the air line 8 and part of the cathode exhaust gas are mixed to 
produce a cathode gas and the cathode gas is circulated in the cathode by a 
carbon dioxide recycle blower 32. The amount of the gas circulated in 
the circulating line 3 is adjusted by the flow rate control valve 40. 
[0015] City gas made up of natural gas is supplied from a fuel gas line 1 
and is desulfurized by a desulfurizer 26 and then is mixed with steam from 
a steam line 9, is heated by the fuel heater 36 and is introduced into the 
mixture 38. Air from an air branch line 10 branching at a point below 
where the air line 8 joins the circulating line 3 and the heated fuel gas 
become an anode gas in the partial oxidation reformer 38 in the chemical 
reaction expressed by the formula (1) and is supplied to the anode of the 
fuel cell 20 through an anode gas line 2. The amount of air from the air 
branch line 10 is adjusted by a flow rate control valve 42. The carbon 
dioxide gas from the carbon dioxide gas recycle line 7, air from the air line 
8, and the cathode exhaust gas from the circulating line 3 are mixed to 
produce a cathode gas and this cathode gas is supplied to the cathode of 
the fuel cell 20 by the carbon dioxide gas recycle blower 32. The fuel 
cell 20 generates electric power upon receipt of the anode gas and cathode 
gas. An anode exhaust gas containing steam and an unburned component 
is discharged by the reaction in the anode and is supplied to the catalytic 
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combustor 23 through the anode exhaust gas line 4. Part of the cathode 
exhaust gas generated by the reaction in the cathode is circulated into the 
cathode through the circulating line 3 and other part thereof is supplied to 
the catalytic combustor 23 through a cathode exhaust gas line 5 and the 
rest thereof is supplied to an exhaust heat utilizing line 6. 
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